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Conventional diagnosisAbstract Objectives: This study compares chest ultrasonography to current diagnostic tools for
diagnosing the etiology of acute respiratory failure (ARF) in the ICU.
Methods: The ﬁnal etiology of ARF was diagnosed in 100 patients (excluding non-respiratory
causes and multiple diagnoses) using conventional diagnostic tools (excluding ultrasound). They
were pneumonia (49%), chronic obstructive pulmonary disease (COPD) (16%), acute respiratory
distress syndrome (ARDS) (10%), pulmonary embolism (PE) (5%), empyema (5%), bronchial
asthma (BA) (5%), pneumothorax (5%), idiopathic pulmonary ﬁbrosis (IPF) (3%) and lung
contusions (2%). Thoracic ultrasound was done on admission and the obtained proﬁles were
compared to underling etiologies obtained by conventional methods. Characteristic ultrasound
proﬁles that produced speciﬁcities >90% were considered diagnostic.
Results: The main diagnostic proﬁles were: AB proﬁle (asymmetric anterior interstitial
syndrome) and C proﬁle (anterior consolidation) indicated pneumonia. The B proﬁle (diffuse
anterior interstitial syndrome with lung sliding) indicated ARDS or IPF. Also the B + PLAPS
proﬁle (anterior interstitial syndrome with posterior and/or lateral alveolar and/or pleural
syndrome) indicated ARDS. The A proﬁle (normal) indicated COPD or bronchial asthma
980 R. Daabis et al.(21%). The A proﬁle (normal) plus DVT indicated pulmonary embolism (5%). The lung point and
loss of lung sliding (A0 proﬁle) indicated pneumothorax (5%). Considering CT chest as the
radiological gold standard, chest ultrasound produced 90% sensitivity and 100% speciﬁcity.
Conclusions: Lung ultrasound provided an immediate diagnosis of the underlying etiology of
acute respiratory failure in most cases; it can therefore be added to the armamentarium of ICU
where urgent decisions are needed for rapid diagnosis and management of patients with ARF.
ª 2014 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V.Open access under CC BY-NC-ND license.Introduction
Acute respiratory failure, which is frequently encountered in
ICUs, remains a major cause of morbidity and mortality
[1,2]. Furthermore, there are often situations of severe respira-
tory distress in which an urgent diagnosis is required within
minutes to direct potentially life-saving therapy [3,4]. Manage-
ment of such critically ill patients requires imaging techniques,
which are essential for optimizing diagnostic and therapeutic
procedures. To date, chest imaging has relied on bedside chest
radiography and lung computed tomography (CT) [5]. Despite
the fact that supine chest radiograph remains a cost-effective,
and efﬁcient method for routine evaluation, the interpretation
of the portable chest radiograph is a challenging issue owing
to the wide spectrum of potential pulmonary and pleural
abnormalities and coexistence of several pathologies further
complicating the analysis [6].
Although, CT scanning represents the gold standard
examination for most pulmonary diseases, it still raises some
important issues, such as the high dose of radiation adminis-
tered to the patient, the cost, the need to move the patient into
the radiology room, and the lack of CT scanning in some EDs
and ICUs. Chest ultrasonography, on the other hand, enables
a quick bedside examination of the patient, the patient does
not absorb any ionizing radiations, and the scan can be per-
formed by the emergency physician (EP), who can immediately
integrate the ﬁndings with the clinical data [7].
The aim of the current study was to prospectively investi-
gate the clinical relevance of applying early chest ultrasonogra-
phy to patients with ARF in the ICU for diagnosing its
underlying etiology in comparison to the standard evaluation
by clinical and radiologic and biologic tools.Patients and methods
The present study was done in the respiratory intensive care
units in the chest department as well as the general intensive
care units of the hospital, Faculty of Medicine, Alexandria
University. The period of study was 2 years. The study
protocol was approved by the ethics committee of the hospital.
We prospectively recruited 119 adult patients admitted for
acute respiratory failure (ARF) to the ICU. Acute respiratory
failure was deﬁned based on the classical clinical and biological
criteria of admission to the ICU. Patients were diagnosed with
acute respiratory failure clinically according to symptoms
and signs of hypoxemia with or without hypercapnia, and
biologically by arterial blood gases indicating very low oxygen
tension (PO2 less than 60 mmHg) or hypoxic index less than300 with or without hypercapnia (CO2 more than 45 mmHg)
and low PH [8].
19 Patients were subsequently excluded from the study
as they met the following exclusion criteria; patients with
non-respiratory as or rare causes of acute respiratory failure
and patients given multiple ﬁnal diagnoses at the end of
hospitalization.
Routine clinical assessment
For every patient, standard medical care was provided
including the following:
 History.
 Clinical examination.
 Plain X-ray chest and CT chest or other imaging
techniques (when needed).
 Routine laboratory investigations.
 Other diagnostic tools when needed (as pleural aspirate
examination and ﬁbro-optic bronchoscopy).
The diagnosis of the underlying etiology of acute respiratory
failure was established by exhausting all investigations and
standardized tests by the ICU staff and not including lung U/S.
Thoracic ultrasound
Thoracic ultrasound examination was done for all patients by
a specialist who did not participate in the patients’ manage-
ment. The ultrasound was performed to all patients on admis-
sion without interrupting their management.
Ultrasound was performed with both deep (2.5 MHZ) and
superﬁcial (5 MHZ) probes in a semi-recumbent position, or
supine if intubated.
Regarding ultrasound examination, signs with dual answers
(Absent or Present) were assessed, as follows: artifact analysis
(A or B lines), lung sliding, abnormal ultrasonic shadow (alve-
olar consolidation or pleural effusion). A lateral sub-posterior
search for posterolateral alveolar and/or pleural syndrome
(PLAPS) was essential. Other ultrasonic signs such as lung
point sign and sinusoid signs were reported when they were
identiﬁed (Table 1) [9,10,22].
In patients suspected to have pulmonary embolism, deep
venous thrombosis was sought using the same probe. Visuali-
zation of anatomic echoic intraluminal thrombosis or absence
of compressibility was considered as a positive ﬁnding.
The signs observed in each disease were methodically col-
lected; then the ultrasound data were compared with the diag-
nosis established by the ICU team.
Table 1 Description of common chest ultrasonic signs.
Ultrasonic sign Ultrasonic description
Sliding sign Dynamic transverse twinkling movement visible at the pleural line and synchronized with respiration
A lines Horizontal lines parallel to the pleural line recurring at regular intervals (normal sign)
B lines Vertical pleural based lines (normal sign if less than three lines per view)
Consolidation Hypoechoic shadow
Pleural eﬀusion Appears mostly as an anechoic, homogeneous space between parietal and visceral pleura
Lung point Sudden, on–oﬀ visualization of a lung pattern
Sinusoids sign Inspiratory centrifugal shifting of the visceral pleura with decrease in apparent thickness
of the eﬀusion identiﬁed as sinusoidal waveform on M mode and it is speciﬁc for pleural eﬀusion
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Data were collected, tabulated, and then analyzed using the
IBM SPSS software package version 20.0. Qualitative data
were presented as numbers and percentage. Quantitative data
were expressed as means and standard deviation. Agreement
of ultrasound diagnosis with proﬁle was expressed in sensitiv-
ity, speciﬁcity, positive predictive value, negative predictive
value and accuracy.
Results
This study included 100 patients with acute respiratory failure
with a ﬁnal deﬁnite diagnosis. Their age ranged between 20
and 84 years (with a mean age of 49.49 ± 15.77 years). They
were 60 males and 40 females. At inclusion in the study,
patients had a mean PaO2 of 50.47 ± 8.43 mmHg and a mean
PaCO2 of 51.10 ± 24 mmHg.
According to history, clinical examination and investiga-
tions (not including ultrasound examination), the ﬁnal etiolog-
ical diagnosis of acute respiratory failure in the 100 studied
patients was: pneumonia 49 cases (CAP 35 cases and HAP
12 cases, aspiration pneumonia 2 cases), acute exacerbation
of chronic obstructive pulmonary disease (AECOPD) 16 cases,
acute respiratory distress syndrome (ARDS) 10 cases, pulmon-
ary embolism (PE) 5 cases, empyema 5 cases, bronchial asthma
(BA) 5 cases, pneumothorax 5 cases, idiopathic pulmonary
ﬁbrosis (IPF) 3 cases and lung contusions 2 cases.
US examination
To facilitate the comparison of the ultrasound data to the ﬁnal
etiological diagnosis obtained by the conventional diagnostic
tools in the ICU, the characteristic ultrasound signs were col-
lected together and interpreted as different ultrasound proﬁles
according to the previously designated nomenclatures [10,22].
The A proﬁle designates anterior predominant bilateral A lines
associated with lung sliding (with possible focalized B lines).
The A0 proﬁle is an A proﬁle with abolished lung sliding and
without lung point. The B proﬁle designates anterior predom-
inant bilateral B lines associated with lung sliding (with possi-
ble focalized A lines). The B0 proﬁle is a B proﬁle with
abolished lung sliding. The A/B proﬁle designates anterior pre-
dominant B lines on one side and predominant A lines on the
other. The C proﬁle designates anterior alveolar consolida-
tion(s). PLAPS represents posterior and/or lateral alveolar
and/or pleural syndrome. All these deﬁnitions are based on
the patient being supine or semirecumbent. The normal proﬁleassociates the A proﬁle without PLAPS (regardless of poster-
ior A or B lines).
The ultrasound proﬁles of different ﬁnal underlying etiologies of
ARF: (Table 2)
Pneumonia was presented by: A (normal) proﬁle in 6% of
patients, AB proﬁle in 2% of patients, A + PLAPS proﬁle
in 61% of patients and C proﬁle in 31% of patients.
Acute exacerbation of chronic obstructive pulmonary dis-
ease (AECOPD) was presented by: A (normal) proﬁle in
75% of patients and A + PLAPS proﬁle in 75% of patients.
Acute respiratory distress syndrome (ARDS) was presented
by: A (normal) proﬁle in 30% of patients, B proﬁle in 30% of
patients and B + PLAPS proﬁle in 40% of patients.
Pulmonary embolism (PE) was presented by: A (normal)
proﬁle in 40% of patients and C proﬁle in 60% of patients.
Empyema was presented by A + PLAPS proﬁle in 100% of
patients.
Bronchial asthma (BA) was presented by: A (normal) pro-
ﬁle in 80% of patients and A + PLAPS proﬁle in 20% of
patients.
Idiopathic pulmonary ﬁbrosis (IPF) was presented by B
proﬁle in 100% of patients.
Lung contusions were presented by: A + PLAPS proﬁle in
50% of patients and C proﬁle in 50% of patients.
Pneumothorax was presented by: A-proﬁle (accompanied
with loss of lung pulse sign) in 20% of patients and lung point
proﬁle in 80% of patients.
Accuracy of ultrasound diagnosis
As some proﬁles were presented in more than one etiology, the
sensitivity, speciﬁcity, positive predictive value and negative
predictive value were calculated to determine the accuracy of
each proﬁle to diagnose each etiology of acute respiratory fail-
ure. Characteristic proﬁles that produced speciﬁcities >90%
for each of the ﬁnal etiologic diagnosis are presented in Table 3.
When we considered CT chest only as the radiological gold
standard in the cases (93%) that were examined by CT chest
(93% of cases) for evaluation of chest ultrasound accuracy
in general, the results were as presented in Table 4.
Discussion
The main ﬁnding of this study was the signiﬁcant improvement
in the diagnostic accuracy of applying chest ultrasound in
comparison to the standard approach that included clinical,
Table 2 Ultrasound proﬁles in relation to ﬁnal etiological diagnosis.
Proﬁle Percentage in all cases (%) Diﬀerent diagnoses In relation to the ﬁnal diagnosis
Freq. %
A 24 AECOPD 12 50
Pneumonia 3 12.5
BA 4 17
PE 2 8
ARDS 3 12.5
A0 1 Pneumothorax 1 100
AB 1 HAP 1 100
A + PLAPS 41 Pneumonia 30 73
AECOPD 4 10
BA 1 2.5
Empyema 5 12
P. contusion 1 2.5
B 6 ARDS 3 50
IPF 3 50
B + PLAPS 4 ARDS 4 100
C 19 Pneumonia 15 80
PE 3 15
Contusion 1 5
Lung point 4 Pneumothorax 4 100
Table 3 Accuracy of ultrasound diagnosis.
Disease Presented proﬁle(s) Sensitivity (%) Speciﬁcity (%) Positive predictive value (%) Negative predictive value (%)
Pneumonia C 31 92 79 58
AB 2 100 100 52
ARDS B + PLAPS 40 97 57 94
B 30 97 50 93
PE A+DVT 40 100 100 97
IPF B 100 97 50 100
Pneumothorax Lung point 80 100 100 99
A0 20 100 100 96
COPD+ BA* A 76 90 67 93
* Both obstructive lung diseases were grouped together for simplicity.
Table 4 Accuracy of chest ultrasound in relation to CT
ﬁndings.
Sensitivity
(%)
Speciﬁcity
(%)
Positive predictive
value (%)
Negative
predictive
value (%)
90 100 81 18
982 R. Daabis et al.radiologic and biologic data. Moreover, the greater diagnostic
ability of the ultrasound approach was demonstrated when
each main etiologic entity of acute respiratory failure was inde-
pendently analyzed. The main diagnostic proﬁles were as fol-
lows: the AB proﬁle (asymmetric anterior interstitial
syndrome) and the C proﬁle (anterior consolidation) indicated
pneumonia. The B proﬁle (diffuse anterior interstitial syn-
drome with lung sliding) indicated ARDS or IPF. Also the
B + PLAPS proﬁle (anterior interstitial syndrome with poster-
ior and/or lateral alveolar and/or pleural syndrome) indicated
ARDS. The A proﬁle (normal) indicated obstructive lungdiseases (COPD or bronchial asthma). The A proﬁle (normal)
plus DVT indicated pulmonary embolism. Finally the lung
point and loss of lung sliding (A0 proﬁle) indicated
pneumothorax.
These results correspond to physiopathologic patterns, par-
ticularly echoed by ultrasound artifacts which have been in
clinical use since 1994 [11]. Since pneumonia has numerous
causes, several pathologic and radiologic presentations, and
can be found in a wide variety of locations, it generates, several
proﬁles, mainly asymmetry (from left to right, explaining the
A/B proﬁle, from posterior to anterior, explaining the A-pro-
ﬁle plus PLAPS), and anterior consolidations (C-proﬁle)
[10,12]. The AB and the C proﬁles were the proﬁles which
had a high speciﬁcity for pneumonia in our study, 100% and
92% respectively. The alveolar consolidation is the character-
istic sonographic feature of pneumonia (proﬁle C), also, the
presence of B-lines can aid in the diagnosis of pneumonia.
Often, the consolidation area is surrounded by multiple local-
ized B lines, consistent with alveolar interstitial syndrome.
Finally, it has been shown that diffuse B-lines found on a sin-
gle lung is highly predictive of interstitial pneumonia with a
speciﬁcity of 99% [12]. This is in agreement with the AB proﬁle
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COPD and asthma are bronchial diseases assumed to yield
a normal lung surface. They are diagnosed mainly by their
clinical presentations and are not usually accompanied by sig-
niﬁcant radiologic presentations that can be echoed by ultra-
sound, explaining the predominance of the A proﬁle (i.e.,
normal lung surface) in these patients [10].
Alveolar interstitial syndrome (AIS) constitutes a group of
diseases that is caused by an increase in lung ﬂuid and/or a
reduction in its air content. The result of this engorgement
or thickening of the interlobular septa causes a particular arti-
fact that is seen arising from the pleural line. The major causes
of AIS are pulmonary edema, interstitial pneumonia and pul-
monary ﬁbrosis. The sonographic appearance of AIS is vertical
artifacts called B lines. When compared with CT scan images,
B-lines correspond to edema of the interlobular septa. It is
believed that B-lines are caused by multiple reﬂections of the
ultrasound beam between the air-rich and water-rich struc-
tures, such as the alveoli and the edematous interlobular septa,
generating the resonance phenomenon. Numerous B-lines dis-
seminated to the whole anterolateral chest wall deﬁne diffuse
ultrasound interstitial syndrome. When diffuse B-lines are
visualized, this gives the B proﬁle and suggests a diagnosis of
AIS. The causes of diffuse AIS presented to the ICUs in our
study were ARDS and interstitial pulmonary ﬁbrosis. The B
proﬁle (with or without PLAPS due to gravitational ﬁlling of
dependent alveoli) characterizes pulmonary edema with high
accuracy. Pulmonary edema produces transudate, which is
not supposed to generate inﬂammatory adherences (a factor
that may hinder lung sliding) [12,13]. And since in our study
we excluded cardiac causes of pulmonary edema, this was in
concordance with our results where non-cardiogenic pulmon-
ary edema (ARDS) was presented mainly with the B proﬁle
(with or without PLAPS) with high speciﬁcity (97%). Hence,
diffuse bilateral anterior interstitial syndrome indicates inter-
stitial pulmonary edema which is seen in cases of ARDS.
Interstitial pulmonary ﬁbrosis is another cause of alveolar
interstitial syndrome that can present with the B proﬁle as
was found in our study. A patient with subpleural thickened
interlobular septa or ground-glass areas always exhibits the
B proﬁle by ultrasound [14,15].
Therefore, ultrasound analysis of interstitial syndrome is
relevant for, diagnosing ARDS (when diffuse) with 30% sensi-
tivity and 97% speciﬁcity and interstitial pulmonary ﬁbrosis
with a sensitivity of 100% and speciﬁcity of 97%, as causes
of acute respiratory failure that can be differentiated easily
on the basis of the clinical backgrounds of the patients.
The use of lung ultrasound for the diagnosis of pulmonary
embolism (PE) is a relatively new concept compared with the
other indications. Thus, the literature examining the sensitivity
of lung ultrasound to diagnose PE is sparse and limited by sig-
niﬁcant referral bias. Moreover, there are several limitations of
lung ultrasound to diagnose PE. Only two-thirds of the lung
area is accessible to ultrasound examination because the
remainder is covered by bony structures. However, almost
80% of lesions are located in the lower lobes, which are acces-
sible to examination [16]. Only thromboembolic lesions
extending to the pleura can be detected. However, it has been
demonstrated that central and peripheral lesions occur concur-
rently in 80% of cases [17,18]. Furthermore, the criteria used
to diagnose PE are not standard. Mathis used the followingcriteria: PE was likely when two or more characteristic triangu-
lar or rounded pleura-based lesions were demonstrated; PE
was probable with one typical lesion with a corresponding
low-grade pleural effusion; PE was possible with nonspeciﬁc
subpleural lesions less than 5 mm in size or a single pleural
effusion alone; and PE was unlikely if the lung ultrasound
was normal [19]. However, Lichtenstein simpliﬁed the sono-
graphic criteria to diagnose PE. According to his Bedside Lung
Ultrasound in Emergency (BLUE) protocol, in the severely
dyspneic patient not in shock, a normal lung ultrasound (pres-
ence of A-lines throughout) plus signs of deep vein thrombosis
(DVT) is 81% sensitive and 99% speciﬁc for PE [10]. Similar
results were found in our study where, in pulmonary embo-
lism, a normal anterior lung surface (A-proﬁle) associated with
deep vein thrombosis presented a sensitivity of 40% and spec-
iﬁcity of 100%, suggesting that the search for venous thrombo-
sis should be associated with the lung analysis. Therefore, in
addition to performing lung ultrasound, the ability of the
emergency physician to perform a bedside compression ultra-
sound (looking for DVT) greatly improves the diagnostic
power of ultrasound.
As regards the diagnosis of pneumothorax as a cause of
acute respiratory failure we found that, absent lung sliding
(A0 proﬁle) and the lung point, both had a speciﬁcity of
100% with a sensitivity of 20% and 80%, respectively.
The conﬁrmation of lung sliding, which is the back-and-
forth movement of the bright echogenic parietal and visceral
pleura occurring during respiration, has a 100% negative pre-
dictive value for the absence of pneumothorax [20]. It is impor-
tant to recognize that, although the presence of lung sliding
effectively rules out pneumothorax, its absence does not neces-
sarily rule it in, with the speciﬁcity of the absence of lung slid-
ing ranging from 60% to 90% as several clinical entities may
also present with the absence of lung sliding. B-lines are caused
by the reﬂections of the ultrasound beam between the alveolar
air and the ﬂuid of the interlobular septa. Therefore, the
appearance of a single B-line conﬁrms the opposition of both
pleural surfaces and effectively rules out a pneumothorax.
Therefore, the absence of a single B line can safely rule in a
pneumothorax [12].
Also, the lung point refers to the point on the chest wall
where the visceral pleura has been separated from the parietal
pleura and, therefore, deﬁnes where the pneumothorax begins.
Visualization of the lung point is 100% speciﬁc for the diagno-
sis of pneumothorax [21].
Therefore, absent lung sliding plus absent B-lines (A0-pro-
ﬁle) and the lung point which were found to have a 100% spec-
iﬁcity in our study are logical ﬁndings.
Acute respiratory failure is one of the most distressing situ-
ations for the patient. In this difﬁcult setting, initial mistakes
are frequent. This prolongs the distress of the patient, and
has deleterious outcomes [10,22]. Therefore, the ultrasound
approach with the obtained proﬁles in our study, can be used
with such patients, as it was corresponding to the underlying
physiopathology, and resulted in a high diagnostic accuracy,
which can be further increased when combined with simple
clinical data.
In agreement with previous studies [10,23–25], we observed
a high concordance between chest ultrasonography and CT
scan data, where the sensitivity and speciﬁcity of ultrasound
in relation to the CT scan was 90% and 100%, respectively.
Therefore, we can speculate that in the present cohort, where
984 R. Daabis et al.93% of patients underwent thoracic CT scanning, these tests
could have been avoided by thoughtful use of ultrasound in
many of the cases. Therefore chest US can help in rapid man-
agement of acute respiratory failure in intensive care units
when urgent decisions are needed and especially when patients’
transport is difﬁcult. Therefore, it can be considered an attrac-
tive complementary diagnostic tool and one of the most prom-
ising techniques for the management of critically ill patients
with ARF.
This study has several limitations. First, only two-thirds of
the lung area is accessible to ultrasound examination because
the remainder is covered by bony structures that obscure any
pathology behind them in some cases especially those inter-
preted as normal ultrasonic pattern [9]. In some patients extra-
thoracic barriers, such as obesity, heavy musculature,
subcutaneous emphysema and soft tissue edema, may have
degraded image quality and prevented sufﬁcient screening
[26,27]. Also patients who were given several ﬁnal diagnoses
were subsequently excluded from this study. Finally, according
to our protocol, all patients had thoracic ultrasound examina-
tion by an operator who did not participate in the patient’s
management so we did not use available imaging (including
chest radiographs or computed tomography scans) to identify
the areas of interest and determine the optimum position of the
patient. Future studies will need to focus on evaluating the
utility of combining standard techniques and ultrasound data
to obtain better diagnostic accuracy, particularly when several
simultaneous causes contribute to the ARF.Conclusions
Chest sonography was highly accurate for diagnosing most
causes of respiratory failure in the ICU, this accuracy can be
increased when combined with optimum clinical examination,
other non sophisticated interventions and diagnostic algo-
rithms for interpretation of ultrasonic signs such as the BLUE
protocol.
Moreover, our study demonstrated high concordance
between chest ultrasonography and standard radiography
(especially CT chest) in most pulmonary causes of respiratory
failure. Therefore, it can be preferred to chest radiography and
chest computed tomography as the ﬁrst routine imaging
modality used in patients with respiratory failure admitted to
the ICU. Future studies are needed to evaluate further beneﬁts
including a reduced need for CT scans, cost-effectiveness com-
pared with radiography, shorter ICU stay; and above all,
improved prognosis for the patient.Funding
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